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IDENTIFIERS 
ABSTRACT 

Directors and faculty members representing 

^SS^^^T^i^ SCiencc/atudies ' ** conjunction with the 

^SULif t ? • ° f Biolo * ical Sciences generated this report on 
the current status of and future prospects" in undergraduate 
environmental science (ES) education. Despite their varied 
backgrounds and the diverse nature of their programs and 
institutions, they concurred on the following issues: mission and 
impact, curriculum, program structure, students, admin^tratLS? and 
funding. The conclusions of the report are as follows* (1) ES 
programs have had a national impact, with respect to general 
awareness of environmental issues and in the training of 
professionals with the expertise to work on solving complex, 
"°"^! C ^ in f r y environmental problems, (2) ES graduates must have 
an interdisciplinary perspective, with adequate depth in one of the 

22E*" 1 "I?' 35 Wel1 * ^rasp of policy and ethics; (3) ES 
graduates need to have analytical and problem-solving skills 
computer skills, critical thinking skills, and *S oral ^'written ' 

ZESST^ Smi8? U) 88 pr0grWM Provide exper^n^ 
^ f ro "f fAe " ™*> internships, or researcTexperiences; 

(5) strong faculty and administrative support is integralTo the 
effectiveness of the interdisciplinary approach, and (6) increased 
federal funding is small relative to the scope of environmental 
m^iTL^ f ? i f ifiCant ***** to prograTdevelopm^rjour 
SSiSLf iniStrative arrangements are described and evaluated for 
lull A £ L &8 S " PP ° rt str « cture s for interdisciplinary programs 
fn^JJf < \? eSe inClU£5e a traditional departmental status, In 

P UMI ! k prograi structure with contractual arrangements for 
teaching responsibilities, interdisciplinary program structure with 

d V e^ts^)^ CiPati ° n ' ~ ™~ witSS^g 



9 

ERIC 



am 



American Institute of Bi ological Science 



Report of the Workshop on 
|> UNDERGRADUATE ENVIRONMENTAL SCIENCE EDUCATION 



CO 
Q 
W 

Held In conjunction with the 

42nd AIBS ANNUAL MEETING 
OF SCIENTIFIC SOCIETIES 

SAN ANTONIO, TEXAS 
7-8 AUGUST 1991 



Judith S, Wels, Coordinator 



vs. oraumftENT or education 

EDUCATIONAL SOURCES fNfOSMATK}* 

X' tttis docvm* m r»e§ been reproduced as 
received *rtw t** person or organ^e'ton 
onQMAnnQ >! 
r Minor cfcenge* here be*o fros* to improve 

• Pt**Ws view or OJ>to«3««»t#?«J mfNSOCtf 

. . mem 00 no? necesaartfy offcoaJ 



J* 

I* 

0 

m 

ERIC 



Education Foundation of America 
U. S, Environmental Protection Agency 
SheH Oil Corporation 
Trinity University 

American Institute of Biological Science* 



KST CSPy A V£S^SLE 



PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 

Charles M , Chambers 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERICr 



^^A^m^^^^PS,^? 01 " 4521 ' Tdcpbonc/Fax/BioTnm BBS: 202-628-1500/1509/2427 
209061 A3BS VR ' Ma Mait AIBS. BJTNET: AIBS @ GWUVM- INTERNET: AIBS @ GWUVM.GWU.EDU 



DEDICATION 



This report is dedicated to the memory of Dr. William Odum, an exemplary 
environmental scientist and developer of an outstanding environmental science 
department at the University of Virginia. An original member of the steering 
committee for this workshop, his untimely death is a great loss for the 
environmental science community. 



ACKNOWLEDGMENTS 



We are grateful to the Educational Foundation of America, the U.S. 
Environmental Protection Agency, and Shell Oil Corp for providing financial 
assistance for this workshop. We appreciate the cooperation of Dr. Robert 
Blvstone and the Biology Department of Trinity University in making their 
facilities available for our use, and Louise Salmon of the American Institute 
of Biological Sciences for planning and logistic support. 

The views expressed in this report are those of the coordinator and the 
individual participants. They do not necessarily reflect the official 
positions of either the sponsoring organizations or the employers of any of 
the participants. 



© Copyright 1991 American Institute of Biological Sciences 

730 11th Street, N.W. • Washington, DC 20001-4521 



t f 



TABLE OF CONTENTS 

To P lc Page 

EXECUTIVE SUMMARY 1 

INTRODUCTION 1 

MISSION AND IMPACT 2 

CURRICULUM 4 

PROGRAM STRUCTURE 6 

STUDENTS 7 

ADMINISTRATIVE ARRANGEMENTS, etc. 8 

EXTERNAL FUNDING 12 

SUMMARY AND RECOMMENDATIONS 13 

APPENDIX 14 

ROSTER OF PARTICIPANTS ,c 



9 

ERIC 



4 



EXECUTIVE SUMMARY 



Directors and faculty of undergraduate environmental science (ES) 
programs set for two days to share information and make recommendations 
regarding the development of such programs. They concluded that ES programs 
have had a national impact, in terms of our awareness of environmental issues 
and in the training of professionals with the expertise to work on solving 
complex cross -disciplinary environmental problems. 

The group made a number of recommendations regarding the skills and 
knowledge that graduates from such programs should have. ES graduates should 
have an interdisciplinary perspective in order to see the "big picture," but 
must also have adequate depth in one of the technical areas, as well as a 
grasp of policy and ethics. Environmental Science graduates ought to have 
analytical and problem -solving skills, computer skills, critical thinking, and 
both oral and written communications skills. These may be acquired within ES 
courses, as well as from other departments. This will require students to have 
rigorous course schedules and careful advisement by faculty. ES programs 
should provide experiential activities through field work, internships, or 
research experiences. 

With regard to the administrative arrangements for such interdisciplin- 
ary programs within the institution, there are a number of arrangements that 
can be effective. In order for any program to succeed, it must have strong 
faculty and administrative support. If an independent department does not 
exist, a program director should minimally have autonomy and a separate 
operating budget. Mechanisms must be in place to protect program faculty from 
bias against interdisciplinary work when promotion and tenure decisions are 
made. 

Funding from the federal government has been small relative to the scope 
of environmental problems and the needs for trained professionals to solve 
them. Federal support is greatly needed _o build strong environmental science 
programs with modern scientific equipment. The lack of federal leadership in 
this area has been a significant barrier to program development. The new 
National Academy of Sciences committee that has been established to look into 
the state of funding for research in the environmental sciences should also 
consider the state of federal support for the undergraduate education needed 
to produce environmental scientists. 



INTRODUCTION 

A group of directors and faculty representing undergraduate environmen- 
tal science/studies programs from throughout the U.S., gathered in San 
Antonio, TX Aug. 7-8, 1991. Their purpose was to exchange ideas, discuss 
Issues and develop recommendations for the future of these programs in U.S. 
colleges and universities. Although the status of environmental programs has 
been the subject of recent articles (e.g., The Environmental Professional vol. 
9 (3) Special Issue: Focus on Environmental Studies, 1987; We is, 1990, Envir. 
Sci. Tech. 24:1116-1121) there has not previously been such a forum for 
exchange of ideas among ES directors. The workshop was held in conjunction 
with the American Institute of Biological Sciences meetings, but attendees 
represented a wider range of disciplines beyond the biological sciences. They 
came from private liberal arts colleges and universities, comprehensive state 
institutions, and major research universities. Despite their varied back- 
grounds and the diverse nature of their programs and Institutions, they found 
much In common and substantial agreement on many of the Issues of importance. 



The first morning of the two -day workshop commenced with presentations 
from individuals representing potential employers of environmental science 

fraduates , including government agencies, the private sector, and public 
nterest environmental groups. There was considerable agreement that ideal 
employees need a solid foundation in the sciences, but also need excellent 
communications and problem -solving skills as well. Their remarks are 
summarized in the appendix to this report. 

Following the panel discussion, workshop participants divided into 
working groups to brainstorm and deliberate on certain questions and issues, 
led by members of the steering committee, Drs. John Lemons (University of New 
England) v Gary Miller (University of North Carolina, Asheville), Robert Wenger 
(University or Wisconsin - Green Bay), Gordon Godshalk (Alfred University), 
and Richard Foust (Northern Arizona University). The following pages consti- 
tute the results of their deliberations. 



MISSION AND IMPACT 

As educators, we have a commitment to educate both the general student 
population and environmental science majors who will become career profession- 
als. The environmental science/environmental studies programs in existence 
have made significant progress in addressing both of these needs. For 
example, most universities currently offer an "Environmental Issues n or 
"Humans and the Environment" course, and many offer an additional course in 
ecology for the non-biology major. Environmental ethics or environmental 
philosophy courses are often offered through humanities or philosophy depa 
ments, and courses in environmental literature are available at some insti 
tions. Some universities are attempting to use environmental issues as a 
campus -wide general education curricular theme. 

There are two general approaches for offering a major dealing with the 
environment. One approach focuses on the natural sciences (environmental 
biology, environmental chemistry, and/or earth science), and the other focuses 
on the social sciences and humanities, including public policy, environmental 
law, and environmental ethics). This report will address those programs that 
focus on the natural sciences, recognizing the importance of the social 
sciences and humanities as Integral parts of any interdisciplinary environmen- 
tal science program. 

Undergraduate environmental science programs prepare students for 
careers in environmental science, train individuals to perform research to 
gain a better understanding of our environment, and to solve environmental 
problems. Graduates of environmental science programs have begun to make 
Significant contributions. For example, the Grand Canyon Winter Intensive 
Haze Study which was recently cited by the National Academy of Sciences for 
"significant, original contributions to our understanding of atmospheric 
processes" was planned and carried out by scientists who earned their under - 

fraduate degrees in environmental science in the late 1970s. Many graduates 
rom environmental programs are currently working with utilities to Improve 
the nation's air quality, industrial firms to Insure compliance with emission 
requirements, as scientists and educators at colleges and universities across 
the country, with state, local and the federal governments to establish and 
enforce environmental standards, and as members of multidisclplinary teams 
doing consulting work at the local, national and international levels. 

Undergraduate environmental science programs also provide experience and 
establish role models for working in an interdisciplinary setting. Students 
involved with these projects have a better understanding of science outside 
their own academic discipline, and develop the management experience and 
personal skills prerequisite to working in a team environment. 



Environmental education occurs outside the classroom for much of society 
through visits to museums, zoos, aquaria, botanical gardens, state and 
national parks, through efforts by civic groups and public service organiza- 
tions, and through the writings of Journalists who specialize in environmental 
Issues. Public television and Rational Public Radio frequently feature 
coverage on environmental topics, and the commercial networks occasionally run 
documentaries on environmental topics. Some of the writers and producers of 
these educational activities have participated in undergraduate environmental 
programs and chosen to use their environmental train ng to interpret for the 
KS^S: P ub i lc • undergraduate environmental science programs have been a basis 
tor the increasing level of consciousness and understanding of environmental 
issues among the American populace. 6 A 

i«.i„H^ i ?S nC Lf?Lf he iBpflC f th08 2 P ro * raas have hud in the United States 
includes the following examples. Many states now have legislation requiring; 

•JT 1 "™??;! iffY es f° taught at some level in the K-I2 curriculum. Thfre 
are recycling bills already on the books in many states, counties, and 
municipalities, and are being considered in others. Most states now prevent 
the disposal of tires, automobile and household batteries, used automobile 
oil, agricultural chemicals and toxic substances in landfills. 

- ran l*ZZh ?2 < wi l 1 i ng t t0 ^ 8 V ppo F t •nyironmental issues financially, which is 
5 5 t f°? d lndi ? ator °? their sincerity. Consumer interest for "green 
products is growing, and at the corporate level, some companies are becoming 

P^lir?2latnnS%o^ ir ° raental COnCernS ' F ° r SOme ' lt become a major § 

nf ^IL^fw^ 8 * t T nty years j individuals have devoted thousands of hours 
of time and labor to improve wetlands, streams, and wildlife habitat throuah 

a?eL° r !nS l ^n??; ^SJK*^? 18 ST?" °J the ™ ed *>r proteStion of pristine 
areas, and supports organizations which focus on environmental oualitv and 

hii d !^«LK eS ? rV ?^ i0n ".i Me ? ber f hip in »«instream envi^nta? organize Uons 

high fS"2Sst. S ^ Y P<ISt tWWIty VearS and 18 nov at * n all"iSe 

Improvements in the U.S. 

B , BT ,,?? P ^ vhole the contribution of environmental programs has been 
significant - contributing to progress in many areas, yet failing in others 
i!»Jf^ C,t !! g E r Z t £ 8u f c S SSe «' environmental education has become ao?e co^re- 
5S?ion K™? been infused at all levels of formal (K-12, higher education) 

S£tSS 2S^> e ^ro««L C Si en i i0n "^J" 8 ' continuing education, nature 
centers, etc.;. Progress has been made in some aspects of air oualitv 

iSS^FSSJ^SSL 9 protectlon 2 f endangered species and wetlands, recy- 
Sl;2f w?iS!iif«! management However, while we have some new and expanded 
Irl di»liifKfIS**.!5 0 ;j' ^Y 11 * * nd scenlc rivers . other wilderness areas 
Ihnuld h« SfJX iJPt ^ * Uality of many parks is declining. Greater efforts 
!f < L t0 ^ aTd t , i8 y* s includin g but not limiteS to: conservation 

of biodiversity and of wetlands; management of water quality problems in a 
comprehensive watershed basis, including groundwater; manaSmenf of ^oxic 
wastes; and energy, population and transportation polices The last cat Lorv 
of problems is the result of national policies and programs based on Soliticll 
compromise rather than on sound scientific and technic! l^nf oraa tion . Thi s 
has been manifest in the past decade in a number of poor national en^ironmen- 
J!L P S liC if a SUC ^e! : ou F ! ailure to the Antarctic and the Law of ™ 
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Future Trends 

Many of the existing environmental problems will need to be addressed in 
the near future - either proactively, with the efficiencies of prevention, or 
reactively, with the high economic and external costs of remediation. The 
need is particularly great in energy policy, endangered ecosystems (e.g. rain 
forests and wetlands), population control, and the protection and provision oi 
resource bases (e.g. groundwater). 

Seven additional issues or trends seem particularly important: 

1. Linking of ronservation, development, and human rights issues (e.g. women, 
poor, minorities , developing world concerns) around a central theme of 
sustainabllity, ecological integrity and quality of life. 

2. Increased information and access created by the mass media and improved 
communications . 



3 The internationalization of the environmental movement to "think global- 
ly - and act globally." This will include increased professional opportuni- 
ties for international travel and collaboration of faculty, an increasing 
number of international students, and will foster international cooperation 
to resolve comaon problems and reduce economic exploitation. Global issues 
which interweave social and environmental issues include transboundary 
pollution problems, worldwide loss of habitat and biological diversity, 
overpopulation, and the relationships among health, poverty, and environmental 
quality. 

4. Avoiding small probability events with potentially catastrophic conse- 

Juences - caused by accident or intention (e.g. warfare, terrorism). Examples 
nclude nuclear or bio/chemical warfare, power plant accidents, transportation 
accidents (e.g. pipelines, supertankers, toxic spills), and industrial acci- 
dents . 

5. A wider array of tools will be available to society for the management of 
environmental problems. In addition to the conventional regulation and 
enforcement approach, new initiatives involving economic incentives and 
disincentives, negotiation, mediation, and arbitration will be attempted. 

6. An undergraduate university liberal arts degree will require a strong 
environmental science/studies component. In addition to conventional studies 
of human social relationships, students will be required to study human/ 
environment relationships, especially our place in the natural world and our 
impacts or. it. 

7. Research skills and tools for analyzing environmental problems will become 
more sophisticated. For example, increased sophistication and availability of 
computer hardware and software resources will facilitate advances in areas 
such as geographic information systems. Advances in decision theory and risk 
assessment, and the development of user 'friendly decision support systems will 
enhance environmental decision-making. 

CURRICULUM 

Because of the interdisciplinary nature of the field, a student wishing 
to major in environmental science must have solid integrated coursework in a 
variety of areas covering the natural sciences, social sciences, and humani- 
ties as they relate to the environment. Since the field has no a priori 
affinity with any of the traditional disciplines (e.g., biology, chemistry, or 
geology;. It makes sense to offer the major as a separate program, rather than 
as a part of those traditional departments. 
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«™«„?SL2S pe 5 Ci ^ °f the student entering the Job aarket, there is a 
ff™"? denan V or a ^S" 6 1 ? environmental science/ studies to fill posi- 
tions ranging froa entry- level technicians to those requiring a Ph D Kanv 

S^JS •plovers desire a person with an in™disci?linary background ?Lt 
is broader in scope than is available froa more -traditional* science ma lors 

i«»2T ly ^ the Panel °" -**™« ^ortunJtie",^"' 



Graduate vs Undergraduate Programs 

We believe that an undergraduate degree should be offered at Institn. 
tions throughout the United StStes for thf following reasoS: lnstitu " 

iraduSSf^r^?!diMiST2 t f 1 . sc J enCe P?°* r<UDS ? re often Bor * qualified than 
r!?^i °f traditional* majors for employment in a number of settings 

SS 1 ^??; iS 0111 ' SCate ' ? nd ^tional governmental agencies^ conlultiSf firms 
non-profit advocacy organizations, and private industry. Environmental 

2$SS!J K ffi7 m sho ^} S iab V e their «t«oents with subject m«MrTc?itical 
S&J 1 ? 8 * s^ 1 , 1 ". Problem- solving skills and a -world view" that is especially 

SliSj S 2° h , M ^ronmental Law, Environmental Management, EnviroSaJS^l 

JourSii»»^ lr ?he1ffs ^need^r ^W'T™* 1 *l° l0 *>V 4 k KSSEfi 
selineii «r«i?SIJ ll « need for sknied researchers in the environmental 

considering the typically specialized tiature of gradate prJg^ ' 

3. In addition to providing skills for employment or future utudv „™<™ 
mental science programs provide students with Tway 11 satisfy thf 1^ fS?il?2; 
KL^? tt V bout en T^onmental issues. An initial fiS? f * * 

of'iSftS en^iron^^fl TZT™ ° f the eflr ^ 197 °° ^s folloied^y" period 
°* «p«wny t environmental issues fire once again at th* fftrofr^ ~e Z+7.**~ll 

attention Representing the best tradiUol of fliberfl ^SKd5L?iSn^,f. 
awareness has translated into a demand for integrated oroSraL ?™f * this 
those environmental probleas and their solutions A J52 S ££fff ? n u 

«f »vi? a I? sta "« »™ mandating that envlronnental science be an inte.ral o.rr 
and .id-careax •ASTSS.'ffig.^ L^SJn^in^i^.i 



Course Work 

In considering the issue of what courses should be required in environ- 
mental science curricula, we recognize that defining a menu of required 
courses is difficult because institutions are very diverse. In addition, many 
institutions night not have sufficient resources to meet all of those require- 
ments; but instlad night seek to develop their curricula to match existing 
strengths . 

Nevertheless, we agree that certain subject material should be included 
for the malor to effectively prepare its students to be competent environmen- 
tal scientists: 

Ecology/Environmental Biology 
Environmental Chemistry 
Earth Science/Physical Geography 
Environmental Policy, Planning, Law 
Environmental Ethics 

Ve also recommend that the following areas be included whenever possible: 

Environmental Measurements and Monitoring 
Field-oriented Experience 

Internships, Cooperative Ed. experience / research 

We also expect that a graduate of an environmental science program will have 
requisite quantitative skills and communicative skills that would be acquired 
through both the environmental science courses themselves, and the general 
education requirements of the institution. 

PROGRAM STRUCTURE 

No single institution can cover all aspects of environmental problems. 
Therefore, institutions should clearly define the mission of their programs. 
Further, a program should strive to meet the needs of students and employers 
in keeping with its overall educational philosophy. 

Environmental problems are commonly understood to be interdisciplinary. 
However, with finite time available, attention to breadth necessarily limits 
attention to depth in a specialty. Environmental programs must, therefore, 
balance depth and breadth of curricular requirements appropriate to their 
mission. The tension between breadth and depth in the curriculum will always 
be a factor in interdisciplinary programs. Nevertheless, environmental 
scientists must have depth in a focused discipline such as biology, chemistry, 
geology, etc. Therefore, students must be advised of the need for assuming 
rigorously comprehensive course schedules in excess of minimal requirements of 
most curricula. Programs may provide depth through different tracks within the 
environmental science major (e.g. environmental biology, environmental 
geology, resource management, etc.). 

Balance of depth versus breadth may depend in part on an astute choice 
of general studies courses or selection of a limited number of electives from 
a list of appropriate courses. In this situation, advisement of students is 
critical in selecting courses and helping them to meet their goals. 

Environmental programs must emphasize not only course content, but such 
skills as oral and written communication, computer skills, critical thinking, 
ethical decision-making, etc. Critical thinking skills include knowledge, 
comprehension, application, analysis, synthesis, questioning techniques, 
problem solving, and evaluation. In part because of difficulty in transfer of 
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knowledge from traditional courses into the ma lor courses, it is important 
that environmental science faculty intentionally infuse their courses with 
activities that foster acquisition of these skills. This may be done in a 
variety of ways. For example, in introductory environmental science courses 
or in senior seminar or capstone courses. These skills are also fostered in 
courses with a strong experiential component. 

Students should be able to recognize and define a problem, collect, 
organize and interpret data, identify strong and weak arguments, develop and 
evaluate alternative solutions to a problem. Courses can also be designed to 
incorporate techniques of oral and written communication as a means to learn 
course content and facilitate critical thinking. Therefore, implementation of 
diverse teaching methods that promote active, as opposed to passive learning, 
and tT at accommodate different learning styles of students are to be recom- 
mended. 

We recommend that each program design a strategy of incorporating 
experiences of increasing intensity over the undergraduate's four year career. 
These experiences should require increasing levels of responsibility and 
increasing levels of critical thinking, synthesis, etc. For example, early 
courses might focus on acquisition of technical skills in laboratories. Later 
experiences might involve application of these skills to problem solving in 
real life settings. Experiences oust force the students to choose and 
evaluate procedures and determine types of data which are required for problem 
analysis. They must allow for the possibility of "mistakes" and allow for the 
students to profit from these "mistakes." Much of the success of these 
experiences depends on the effectiveness and dedication of the Individual 
instructors or internship supervisors. 

The value of internships, student research, field trips and other forms 
of experiential learning seems to be universally recognized, although perhaps 
It needs to be emphasized strongly because institutional support for even 
traditional laboratory components of science courses may be eroding. It is 
also recognized that experiential courses may compete for time with tradi- 
tional courses; that is an issue to be resolved by each program. 

The development of a strong internship program should be pursued. 
Internships should not be restricted to narrow, repetitive activities, but 
should expand the students' knowledge and skills in a challenging manner. 
Travel experiences combining experiential learning and research, such as 
offered by the School for Field Studies, are considered particularly valuable. 

STUDENTS 

Students in environmental science/studies programs represent a typical 
cross section of our colleges with respect to ability and background. They 
are of ten more enthusiastic about their major than many of their classmates 
because they feel a real commitment to do something about environmental 
Issues. As discussed by the panel, the number of minority students going into 
environmental fields is disappointingly low, despite the fact that minorities 
are often disproportionately affected by poor environmental quality. 
Greater numbers of women are becoming interested in the field at the under- 
graduate level, but they are still underrepresented in many graduate programs. 

The number of students in environmental science has increased rapidly 
over the last few years. The popularity of the major has expanded much faster 
than have resources to support It. Swelling enrollments call for a greater 
variety of courses, more teachers in both traditional and new subjects, more 
opportunities for field experience, and increased administration, especially 
In curriculum development and placement. 

Current predictions indicate an upcoming shortage of trained scientific 
personnel, and we are concerned that current enrollments may not fill immedi- 
ate needs for environmental workers. The extent of environmental problems 
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argues strongly for the need for more human resources in the area. More 
support should be provided for graduate programs in environmental science to 
provide excellent researchers for the future. 

The proportion of our students that enter graduate school is highly 
variable from one undergraduate school to another. Their success varies as in 
other disciplines. Students from more rigorous programs benefit not only from 
their more extensive background, but also from their better preparation for 
the pace and expectations of graduate schools. However, ES graduates may be at 
a disadvantage with regard to success on the Graduate Record Exam (CRE) , which 
is only offered in the traditional disciplines. However, we hesitate to 
recommend that the Educational Testing Service develop an examination in ES, 
since ES programs are and will continue to be quite variable in course 
content . 

A significant number of our graduates seek further education in the 
social sciences politics, economics, and law. The extent and perceived 
value of course work in natural sciences for social scientists (and converse- 
ly, in social science for natural scientists) varies widely. Teaching is 
another career that attracts increasing numbers of our students but not 
enough. 

Ve estimate that over 50% of the students who enter the job market 
immediately upon graduation are successful in finding employment in an 
environmentally- related position. Curricula in environmental science provide a 
multldisciplinary or interdisciplinary approach and give students insights and 
skills to assess environmental problems and alternative solutions. This 
facilitstes their participation in team efforts used by most employers. 
Opportunities for advancement with only a Bachelor's degree are somewhat 
limited, but many employers will support further training of good workers. 
There are far more opportunities available to students with a Master's degree. 



ADMINISTRATIVE ARRANGEMENTS , SUPPORT & REWARDS 

In order for environmental program to be successful, it must have enough 
administrative autonomy to provide for dedication of resources to the program, 
a sense of community and identity among students, effective communication 
among faculty, and an appropriate faculty reward system. 

While the interdisciplinary and problem- solving aspects of environmental 
issues may be obvious to many environmental professionals and educators, 
support for interdisciplinary environmental programs at universities has often 
been equivocal The environmental field is not fully accepted by all members of 
traditional disciplines within the university community. Many programs exist 
more as a consequence of the dedication and expertise of those few faculty 
directly involved in the programs than because of strong administrative or 
collegial support. 

Given the variety of institutions in higher education and their unique 
histories, there is no "best" institutional arrangement for environmental 
science/studies programs. Programs often represent compromises based on 
historical opportunities, available resources, and institutional traditions. 

There are four models for administrative arrangements in general use. 
The reader should not construe these models as exact replicas of any existing 
programs, but to use them as a means for identifying outlines of alternative 
administrative arrangements. Ve feel that any of these models could be imple- 
mented in some fashion at any institution, regardless of the institution's 
site, or its particular emphasis on teaching and research. 



these no dels are: 

Model 1 - Traditional departmental status 

Model 2 - Interdisciplinary program structure with contractual 
arrangements for teaching responsibilities 

Model 3 - Interdisciplinary Program structure with voluntary 
faculty participation 

Model 4 - Program housed within existing departments 
Model 1. Traditional Departmental Structure 

^ 1 !iL th i* «PP roach . the ES Program is organised as a traditional depart- 
ment. The ES faculty are members of the department (although there may be 
some split appointments) and the department is responsible for initiating all 
personnel decisions, including those for hiring, promotion, and tenure. The 
budget for the program is under the control of the department chair. Curri- 
Si"? * nd a ?°J nis i ra f ive responsibilities reside with the departmental 
faculty. Although the curriculum may include courses in other departments 
(cross-listed), these departments do not have direct input on decisions for 

!ff£5; ng p J CUr ? ic y lum desi 8 n ' Departmental status probably provides the best 
c nances for developing a strong program. 

Advantages of this structure are: 

faculty's controi° r elenents of the Program are under the departmental 

„. Jaculty are clustered in a common physical location, thus promoting 

and reUa?fh C ideIf lnteraction which is important in generating tJHhiSg 

hi * />,J ' Ho^^^oV^L^Su 1 ' * Programmatic responsibilities are within 
d^islon? a?e^c£ * Priding protection when promotion and tenure 

4. Students have a "real home" and sense of identification. 
Disadvantages of this structure are: 

P) ls Bode i *?y be difficult to implement at some institutions, 

ih? £,,L^« aU f e ° f ,f he n ! eds ^ new faculty and facilities in a time of 

5« ! tlL 3 s 1 ftS f ear ° f losin * some students from existing depart- 
ments to a new departmental major. e K 

*w i 2 ," . ^J 8 SBode . 1 mav De expensive and not cost effective if it results in 
the duplication within the institution of faculty expertise and course 

3. Implementation of this model may rely heavily on sol it faeultv 
appointments , which may be disruptive. P y 

Model 2: Interdisciplinary Program Structure with Contractual arrangements 
for Teaching Responsibilities ^ 

full a ^ 0 SiL^f e h a }LE!?4 faCul J y ^ Participate 1» program have their 
2iLl?K 5?? *. ln disci Plinarv home departments, yet are contractually 
toiffS^J^!*? 1 a certa i n of classes each year to support the 

^tV* 1 ??" program's curriculum. This differs from a program 
Sr?hl f« Si. th J "? 1 i t or ^ olnt -PPointmen.s because the obligations 

s^Sc^rl^ include administrative 6 

o 13 
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The advantages of this model include: 

1 The program can draw from a wide range of disciplines in a cost- 
affective^annlr^auaS advantage can be taktn of existing faculty interests. 

2 . The curriculum has stability because the program has control over 
some of the faculties' teaching responsibilities. 

3. Greater research and teaching innovation may result from the partici- 
pation of a diverse group of faculty In a single interdisciplinary program. 

The main disadvantages are: 

1 All elements of program operation other than teaching, including 
student advising and administration, must be provided by faculty on top of 
their full responsibilities in their home departments. This may lead to 
divided loyalties, greater- than- average professional responsibilities, and a 
risk to faculty during decisions for promotion and tenure. 

2. Uncertainty as to who controls the budget and decisions on faculty 
time/space as the program grows. 

Kodel 3: Interdisciplinary Program Structure with Voluntary Faculty 
Participation 

This model consists of a free-standing program with no contractually 
assigned faculty. All faculty participation is based on a faculty member s 
interest in contributing to the program while at the same time attempting to 
fulfill the responsibilities in her or his home department. In such an 
arrangement, there may well be courses designated as ES courses. This system 
or model is only as effective as the director or coordinator of the program 
because she or he must persuade department heads to allow interested faculty 
to contribute to the program. Participating faculty are then expected to 
serve on committees, teach courses, assist in designing curricula, serve as 
academic advisors for ES students, and perhaps represent the ES program in 
university governing bodies. 

Advantages of this model are: 

1. This model is relatively easy to implement in a cost-effective 



manner. 



2. Existing courses and resources can be used in part or whole to 
support the curriculum. 

3. It provides a basis for interdisciplinary cooperation similar to 
model 2. 

Disadvantages of this model are: 

1 It is fragile because it is strongly dependent upon the personal 
commitments of the participating director, faculty, department heads, and 
deans. Personnel changes in these positions can have a major impact on program 
stability. 

2 It depends on volunteerism and on cooperation among administration 
and faculty to maintain a coherent program. These may be highly variable from 
year to year. 
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Model 4: Programs Housed Within Existing Departments 

This is the most diffuse of the models we have identified. Under this 
svstem, one or more majors at an institution identifies a set of required and 
elective courses that constitute a -track", "emphasis* or "concentration" in 
65. Such a system does not necessarily include oversight or coordination 
campus -wide, or even within a division. Each department may act independent- 
*y» with, for example, a biology major having a concentration in ES, a geolocy 
major having a concentration in BS, etc. A track in one department would 
normally require specific cognate courses offered in other departments. 

The advantages of this model are: 

1. The graduates of the "tracks" have degrees in traditional disci- 
plines, but with s recognizable course emphasis in ES. 

departaents CUlty lovalties are not divided, but remain tied directly to home 

3. This asdel can be implemented at low cost, assuming the presence and 
use of existing resources. r 

The disadvantages of this model are: 

* 1 ', It li 8k * la ? k of coherence, with different standards among depart- 
ments. In effect this model does not result in an integrated "program" so 
much as merely providing a vehicle for "environmental literacy- within a 
discipline. J 

_ Qrt ?' }' Jf? tra £ s ara dependent on existing courses for breadth, each 
tr^cksVo^ Su«L faCUlty ~** r ?n ° ne depart » ent leave ' th « 

ft _ Am J-^Zl e J?i a dan « er ft at *» ES Program housed within an existing major 
or department will not provide the type of multi disciplinary perspective which 

identJflciJio^with 1 ?! .^ iro ™ ntal ™* «ud£nts Sy^acE areJl 

A somewhat stronger version of this model is one in which there is a 
campus-wide director with a multi-disciplinary steering committee drawn from 
each department offering such an ES track. This could provide great" 
coherence and create more uniformity of standards across tracks. 

Support Structures 

ft „ ^IfflJ* 6 of thMr interdisciplinary nature, ES urograms may require new 
il TrZil l t d Support st ^ctures beyond those required fo? traditional majors 
In order to overcome the tendency to think chat ES programs can be " added on" 

" St * v ™*ng existing courses, mechanisms must be available to 
accommodate the special needs of interdisciplinary programs. 

Consistent, reliable financial support must be available and sneeificsl • 

JllISS J£ Ac additional monies to support student and faculty activities 
™5£ liJS y" 1 contribute to a sense of identity and importance for 
program participants. In order to minimize competition withtraditional 
^;" and , !}? t ™f*™l™ interdisciplinary efforts, this fundinj should not be 
S2 5J~rfl ,, I r * iB ? f° othe f P"8 r «P- Administrators need to recognize that 
(several years) is required to build up a quality ES program. Thus a 

eSi^t'oTS^ £ P^vide the necessary resources auSt fe madeV^ 
commitment of one or two years is inadequate. 
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Closely related to financial support Is the academic reward system for 
faculty. Such a system should be structured to encourage participation and 
innovation in ES programs. Financial support or release time should be 
Prided for new course development, attendance and presentations at interdij- 
ISlint conferences, and administration. When team teaching is involved, it 
must be recognized that such activity is more than Just dividing course time, 
and a two-person team will require more than lust half a course each to do an 
effective Job of coordination and planning. Faculty responsibilities toward 
ES programs must be clearly articulated and understood by all parties in- 
volved? Some mechanism must be in place to insure that participating faculty 
cannot be penalized by their department for their Involvement when it comes 
time for tenure and promotion decisions. 

Departments and administrators must also recognise that not all courses 
in ES programs will fit into traditional disciplinary categories. College 
faculty and administrators must be willing to accept new designations for 
courses (e.g., •environmental science") and increased flexibility in course 
titles and content. This implies that there must be a recognized mechanism by 
which such courses can be developed and approved outside of the traditional 
departmental structure. 

Existing ES programs exhibit a wide range of forms and support struc- 
tures. None of these is universally "ideal," although the departmental 
structure appears to have the greatest chance of success. It is very likely, 
as well, that ES programs will be hybrids of the models we have presented 
With this in mind, we make the following recommendations for any institution 
considering a review of or development of an ES program. We emphasize 

Sarticularly programs which are structured along the lines of Models 2, i, or 
. Programs structured according to Model 1, the independent department (which 
is desirable but rare) often have built-in protections not available to other 
types of programs. 

All programs, regardless of structure, must have strong faculty and 
administrative support. The rationale, objectives, and expectations for the 
program must be clearly articulated and well known to participating faculty 
and the institution at large. A program coordinator or director, with the 
same standing as traditional department chairs, should be appointed (where 
Model 1 is not followed) . Such a person should be independent of supervision 
by any one department. The program should have its own operating budget for 
supplies and expenses. This budget need not include salary lines for partici- 
pating faculty, but it is critical that the program's operation not come at 
the expense of other departs*. .Us . 

Expectations for participating faculty must be clearly stated and well 
known to participants and potential evaluators. Mechanisms must be available 
to protect against bias toward interdisciplinary work which may develop within 
more traditional departments when it comes time for tenure or promotion 
decisions. Such mechanisms must Include input from the ES Program into 
departmental decisions about participating faculty, and ES membership on 
college-wide promotion and tenure committees. If tenure and promotion 
decisions are heavily based on recommendations from traditional departments, 
some oversight mechanism must be available to evaluate and possibly correct 
for any bias. 

EXTERNAL FUNDING 

Federal support for undergraduate environmental programs has been nominal 
compared to the problems and the needs of society. Some funding has been 
traditionally available from the National Science Foundation, Environmental 
Protection Agency, and Department of Energy. This is often temporary, 
piecemeal, and specifically targeted funding - which is difficult to rely upon 
to build strong, consistent programs. The striking lack of federal leadership 
and coordination in the area of college level environmental education has been 
a significant barrier to program development. 
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More federal support is greatly needed to build strong professional 
environmental programs in U.S. colleges and universities. Curricula that 
prepare students tor research or monitoring using sophisticated technical 
equipment are particularly vulnerable to inadequate funding, and instruments 
available in disciplinary programs may not be available to faculty and stu- 
dents in ES. Universities should have adequate funds to purchase and maintain 
scientific equipment on behalf of students in all the sciences, including 
Environmental Sciences. Additional resources, consistently available from the 
EPA, DOE, and NSF would be most useful in program development. In addition, 
funding for environmental education programs From the Department of Education 
is forthcoming and most welcome. We hope that this will not focus exclusively 
at the pre -col lege level. 

Greater attention to the interdisciplinary environmental sciences, both 
in the research divisions and in the undergraduate education division of NSF, 
and the development of a "National Institutes for the Environment" (NIE) are 
also ideas with considerable merit and worth pursuing. The committee of the 
National Academy of Sciences that is studying the state of research support 
for the environmental sciences and the possible need for an NIE ought to 
consider the state of funding for college level environmental education es 
well. 

Some funding for environmental science programs (mostly for research and 
curriculum development) has come from foundations, utilities, and industry. 
In the future, it is anticipated that increased cooperation between the 
academic and business community will provide additional resources for program 
development . 



SUMMARY AND RECOMMENDATIONS 



ES programs have had a national impact, in terms of our awareness 
of environmental Issues and in the training of professionals with 
the expertise to work on solving complex cross -disciplinary 
environmental problems. 



ES graduates must have an interdisciplinary perspective, but must 
also have adequate depth in one of the technical areas, as veil as 
a grasp of policy and ethics. This will require rigorous course 
schedules and careful advisement by concerned faculty. 



ES graduates need to have analytical and problem- solving skills, 
computer skills, critical thinking, and oral and written communi- 
cations skills. These may be acquired within ES courses, and from 
other departments. 



ES programs should provide experiential activities through field 
work, internships, or research experiences. 



while there are a number of administrative arrangements that can 
be effective, any program, to succeed, must have strong faculty 
and administrative support. A program director should have autono- 
my and his or her own operating budget. Mechanisms must be in 
place to protect faculty from bias against interdisciplinary work 
when promotion and tenure decisions are made. These conditions are 
met most often with a departmental structure. 
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• Funding from the federal government has been small relative to the 

current scope of environmental problems and the needs for trained 
professionals to solve them. Federal support is essential to build 
strong professional programs supported with modem scientific 
equipment. The lack of federal leadership in this area has been a 
significant barrier to program development. The new National 
Academy of Sciences committee looking into the state of the envi- 
ronmental sciences should also consider the state of federal sup- 
port for educational efforts for producing environmental scien- 
tists. 



APPENDIX 



Remarks by the Employment Opportunities Panel: 

Philip Dora, of Shell Development Company stated that for the few 
opportunities available at the Bachelor's degree level, engineering, chemis- 
try, and mathematics skills were considered essential, in contrast to environ- 
mental biology. Other essential traits are: technical ability, communications 
skills, and the ability to be a "team player." 

P. A. Buckley of the National Park Service stressed that while many 
people start out working in environmental science, most eventually go into 
administration in order to advance in their careers. A typical job tor an ES 

fraduate would be as a Resource Management Specialist, which starts at the GS 
•7 level, and may go as high as GS 13. Abilities considered desirable include 
literacy, communication skills, training in statistics and geographical 
information systems (CIS); field experience; and basic computer skills. He 
stressed the desirability of knowledge of "natural history," and mentioned 
that one good way to start a career in the Park Service is through seasonal 
employment . 

Jxrals Pitelka of the Electric Power Research Institute, speaking from 
the perspective of the utility industry and consulting firms, pointed out that 
employees need to know basic science fundamentals and have depth in a specific 
field. Also very important are oral and written communications skills and 
basic computer skills. While large organizations employ specialists in 
different fields, small utilities and consulting firms need nore general ists, 
a niche potentially well filled by ES graduates, he urged that rigorous 
science be the core of ES programs. 

Ronald Slotkin of the Environmental Protection Agency pointed out that 
the agency has 12 laboratories employing 2,000 people, as well as employees 
who work for contracting organizations. A specific field expected to grow 
rapidly is bioremediation. There are many technician positions, from which 
individuals can move into regional offices to diversify their experience. He 
urged colleges and universities to develop a relationship with a nearby 
laboratory or regional office. 

Frances Sharpies of the Oak Ridge National Laboratory spoke about 
opportunities within the Department ox Energy, which has a large number of 
scientific and technical employees as well as those employed by contracting 
firms. DOE will hire many new environmental scientists in geology, engineer- 
ing, hazardous waste management, risk assessment, soil science, as well as in 
policy and law. Individuals will need high grades as well as technical 
expertise and/or broad background, good communications skills and abilities to 
talk with people from diverse disciplines. 
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V.J. Smith of the Environmental Defense Fund (EDF) indicated that her 
organization tries to link science and law to reach innovative solutions to 
environmental problems. She stressed that most of the scientists employed by 
EDF are at the Ph.D. level, but that other environmental organizations hire 
more at the Bachelor's level. Desired characteristics for working in public 
interest groups (beyond a commitment to the environment) include expertise in 
a technical field, analytical skills, communications skills, and some back- 
ground in policy. Advocacy skills and experiences such as internships and 
volunteer work are also desirable. She stressed the need to bring more 
minorities into the environmental field. 

Kevin Doyle of the CEIP Fund, Inc. described CEIP as an environmental 
careers organization which runs a program that places recent graduates in paid 
internships, runs workshops and a National Environmental Career conference 
The CEIP has published a highly regarded book, Guide to Environmental Careers. 
The Minority Opportunities Program provides special internships for minority 
students. He noted that state and local governments have great needs for 
personnel and that "flexibility" is important to many agencies. 

In the discussion which followed the presentation, it was pointed out 
that those who spoke were, for the most part, representatives of large or 
major organizations. The needs of such organizations are often quite different 
from those of grassroots citizen organizations and local government and state 
agencies which comprise a large and important source of employment for those 
with bachelor's degrees in ES. 
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EDUCATING THE FUTURE ENVIRONMENTAL SCIENTIST 
Conference Report Published 

The growing complexity of global environmental problems has 
placed great demands on current undergraduate academic programs. 
Recognizing the need for expanded, cross-disciplinary approaches, 
Dr. Judith S. Weis, Professor of Zoology at Rutgers University 
(Newark, New Jersey) , organized a two-day workshop in conjunction 
with the 42nd Annual Scientific Meeting of the American Institute 
of Biological Sciences (AIBS) in San Antonio, Texas on August 7 
and 8, 1991. 



Seven government and industry officials joined two dozen college 
and university professors to produce a comprehensive report on 
the current status and future prospects in undergraduate 
environmental science (ES) education. The report addresses the 
related aspects of mission and impact, curriculum, program 
structure, students, administration and funding. 



Highlights of the report emphasize the interdisciplinary 
perspective of ES with a thorough grounding in analytical and 
problem-solving skills, computer literacy, critical thinking and 
oral and written communication abilities. Strong faculty and 
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administrative support at the departmental level is essential for 
the success of such a broad based ES programs. Experiential 
activities thorough field work or mentored research are desirable 
to establish the nature and approach of an applied science. A 
limited quantity of the report are available on request from 
interested journalists. 

Funding for the project was provided by the Education Foundation 
of America, the U.S. Environmental Protection Agency and the 
Shell Oil Corporation. The report is being distributed to our 
nation's 3,000 baccalaureate level campuses. Support for the 
workshop was also provided by Trinity University (San Antonio, 
Texas) and AIBS. 

Founded in 1947 as a component of the National Academy of 
Sciences, AIBS is now an independent federation of 50 
professional societies and research organizations representing 
80,000 biological scientists. It is devoted to the advancement 
of biological, agricultural, medical, and environmental sciences 
and their applications to human welfare. It also fosters and 
encourages research and education in the biological sciences, and 
publishes the monthly journal, Bioscience , and the bi-monthly 
policy analysis report, AIBS Forum . The institute assists such 
diverse government bodies as the Agency for International 
Development, the Departments of Agriculture, Commerce, Defense, 
Energy and Interior, and the space age cy NASA by providing 
expert studies, reviews, evaluations and policy planning in the 
life sciences. 
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